Introduction
Solution-processed organic electronics benefit from their low-cost large area manufacturing techniques, such as slot-die coating, gravure printing and roll-to-roll coating. 1, 2 Organic semiconductors in the form of thin films are extremely sensitive to processing conditions, which lead to different microstructures, subsequently affecting performance. An optimized polymer:fullerene bulkheterojunction (BHJ) is a finely mixed, yet phase separated network, consisting of a conjugated polymer as donor and a fullerene-derivative as acceptor. It has a delicate morphology that is affected by the solvent choice, coating conditions and posttreatments, such as thermal annealing and solvent annealing. [3] [4] [5] [6] The final microstructure of a BHJ film is determined by the interplay between thermodynamics (e.g. solubility, miscibility…) and kinetics (e.g. solvent evaporation, polymer ordering, phase separation…) during the drying process. 7, 8 Therefore, gaining knowledge over the drying properties of polymer/fullerene thin films and correlating this information to the performance of lab-scale BHJs is essential in order to design better performing organic photovoltaics and transfer the manufacture protocols to large scale production. Over the past decade, a considerable amount of in situ characterization methods have been used to study drying dynamics and microstructure evolution of BHJs. 9 One of the most popular methods is white-light/laser reflectometry, using which the evolution of drying film thickness can be determined. 7, 8, [10] [11] [12] [13] [14] [15] [16] [17] [18] Instead of reflectometry, some investigations have employed spectroscopic ellipsometry (SE), which is more sensitive to sub-nanometer regions, allowing the user to probe final stages of thin film drying. [19] [20] [21] Additionally, laser light and X-ray scattering techniques are used either as stand-alone methods or in combination with other optical methods. While laser light scattering has been used as a tool to investigate liquid-liquid phase separation in organic blends, grazing-incidence X-ray scattering, with its wide (GIWAXS) and small angle (GISAXS) forms, has become a very powerful technique to investigate periodic ordering and domain formation in organic thin films, respectively.
So far, spin coating is one of the most favoured casting methods to study in situ morphology formation due to its importance and prevalence at lab-scale organic film fabrication.
10, [16] [17] [18] [19] 24 In spite of the invaluable information presented until now on the matter, the applicability of the results to build a general road map for solvent and drying effects on microstructure formation is rather limited since the drying on a spin coater is not comparable to the one on any printing machine. Thus, in the last years in situ measurements from blading and bar spreading methods became as popular as spin coating due to their similarities with industrial-scale printing methods. 7, 8, [11] [12] [13] [14] [15] 20, 21, 23, 25 Nevertheless, regardless of whether spin coating is selected or doctor blading, in situ characterization methods are mostly utilized to get deeper insight to the morphology and correlate this information with device performance. There are very limited amount of works which studied the precision of solution formulation and drying conditions on the thermodynamics and kinetics of the BHJ thin film drying, thus the current knowledge is still far from building a road map for better solution formulations and drying conditions, which could be transferred to large-scale processing for further optimizations.
In this work, we present a very portable and flexible in situ measurement setup, which is a fully automated miniature doctor blade with a controlled heating system and atmosphere. This setup was built in a way that the user can control the coating and drying conditions very precisely, thus it enables full characterization of the drying behavior of a thin film without the need of alter or switch setups. To achieve full characterization within a single setup, it is equipped with white-light reflectometry (WLR), laser light scattering (LS) and photoluminescence (PL). Although few reports exist on anti-graffiti coatings and hole injection layers for organic light-emitting diodes, to our knowledge, this is the first time in situ PL is used as a real-time measurement technique to observe the drying of BHJs. 26, 27 Since PL is a very sensitive method to probe thermodynamical changes in a solution containing a luminescent material, utilizing PL in combination with other methods makes this setup one of its kind, as it allows for a much deeper insight into the fine interplay of solution thermodynamics and drying kinetics. Thus, the user is able to optimize solution formulations and drying conditions for a better morphology before device fabrication. The setup ( Fig. 1 ) was built as a chamber with a volume of 38x17x9 cm 3 (atmospheric volume around 3 L) and optical components on top. It measures a spectrum (or data point) as fast as every 40 ms with a doctor blade speed range of 1-60 mm s -1 , a fine adjustable heating stage up to 180°C and controlled atmosphere which can be saturated with desired solvent, even at elevated temperatures. We demonstrate this portable setup under atmosphere control with WLR, LS, PL and grazing-incidence X-ray diffraction (GIXD) combined measurements to probe two different drying behaviors (homogeneous and heterogeneous) with two different polymer:fullerene blends, based on poly-(3-hexylthiophene-2,5-diyl) (P3HT) and poly-thieno [3,2b] thiophenediketopyrrolopyrrole-co-thiophene (DPP-TT-T), each mixed with [6, 6] -phenyl C61-butyric acid methylester (PCBM) (Fig. S1 ). From WLR measurements, a drying curve is established to monitor thickness evolution. For BHJ systems, LS informs on the phase separation, and PL allows the tracking of molecular self-assembly during drying. These measurements, combined with the polymer ordering information achieved from GIXD measurements, reveal the mechanism and interplay between solubility, gelation, polymer agglomeration, chain aggregation, ordering and phase separation, which later will be important for understanding the factors affecting the drying and microstructure formation of BHJs for organic photovoltaics. 
Materials and Methods

Materials and Solutions
Regioregular P3HT was purchased from Merck (Mw = 65 kDa), DPP-TT-T was provided by Solvay and PC 60 BM (99.5%) was purchased from Solenne BV. All materials were used as received. were cut in rectangular pieces (20x80 mm), followed by mechanical cleaning with soapy de-ionized water, rinsing with de-ionized water, and ultra-sonication with acetone and then with iso-propanol. The substrates were dried with nitrogen and kept in a desiccator to avoid any humidity effects on the surface.
Steady-State Measurements
Absorption spectra of the DPP-TT-T:PCBM solution and film were measured in a quartz cuvette and by blading on a microscope slide, respectively, with a Perkin Elmer Lambda 950 UV/VIS/NIR spectrophotometer. Steady-state photoluminescence measurements were conducted with a custom-made spectrometer equipped with a 450-nm laser and Horiba Symphony InGaAs detector. PL spectra were corrected with respect to optical density and detector sensitivity. Height profile measurement was conducted with Tencor Alphastep D-500 Profilometer. Solubility measurements were conducted at 25°C and 60°C, as explained in detail elsewhere. 28 Atomic force microscope (NT-MDT Solver Nano) image for pristine P3HT was conducted on a Si wafer.
In situ Measurements
White-light reflectometry was performed with Filmetrics F20-UV and a fiber light source, L10290, from Hamamatsu. The integration time of the spectrometer was set to 250 ms. Stingray lasers from Coherent Inc. with 516 and 783 nm wavelengths were used for laser light scattering and photoluminescence measurements. Lasers were triggered with a universal trigger with 0.25 ms. 630 nm and 850 nm long-pass filters (RG630 and RG850, respectively, from Schott) were used for photoluminescence measurements to filter out the laser light. The optical geometry used for PL and LS measurements is as in the following: The laser beam had an incidence angle of 34° from the normal and directed in the direction of the blade movement, on the substrate. The polarization (E vector) was in the plane of incidence. The axis of the detection path was inclined from the plane of incidence by 23° (azimuth angle); the polar angle was 37°. The numerical aperture of the polarization-insensitive collection optics is 0.13. The signal from laser light scattering and photoluminescence was collected with a silicon diode with an integrated transimpedance amplifier (Roithner LaserTechnik GmbH). The collected signal was then processed with Signal Recovery dual-phase lock-in amplifier (model 7265) with a time constant of 200 ms. In situ spectral photoluminescence measurements were done by replacing Si-diode with a fiber UV-Vis spectrometer (Avantes Sensline), with the integration time set to 1 second. Especially for DPP-TT-T:PCBM samples, the whole PL spectrum could not be resolved with the UV-Vis spectrometer. Nevertheless, it was sufficient for tracking PL changes during drying. For LS and PL measurements, it should be noted that the top chamber wall carrying the optical components is black-anodized in order to avoid any reflections or scattering caused by the light scattered/reflected from the drying layer or Si wafer. The in situ GIXD measurements were conducted at the Beamline ID10 at European Synchrotron Radiation Facility (ESRF) in Grenoble, France, using a wavelength of 1.24 Ǻ. As also mentioned in the main text, WLR measurement spot and LS/PL measurement spot are on the X-ray line, and they are separated by 2 mm from each other. The chamber was implemented on the synchrotron sample stage with all the optical parts on top, including an automated solution injection system. X-ray windows (Nalophan) used for the blading chamber were purchased from Kalle. A 2D Pilatus 300K detector from Dectris was used with a frame time of 1 s. Sample detector distance was fixed at 170.33 mm after the calibration with silver behenate and incident X-ray angle was set to 0.16°, which was below the critical angle of the Si substrates. All drying experiments were conducted at 60°C under dry helium atmosphere in stagnation. The temperature was regulated at 60°C very precisely for the whole setup (chamber walls, substrate stage and He atmosphere). Before the chamber was filled with He, He atmosphere was heated in a self-made temperature-controlled water bath, through which the gas line was passing. This gas line was additionally heated and properly isolated after it left the water bath, until it reached the chamber. The gas outlet of the chamber left open connected directly to a gas bubbler filled with ethanol in order to avoid overpressure in the chamber. Hence, all experiments were conducted under atmospheric pressure, and any condensation in the chamber was avoided. A total of 120 µL of solution was bladed on a Si substrate. Measurements were started right after the applicator passed the X-ray windows and lasted for 3 min. In order to avoid radiation damage, the blading chamber was moved horizontally 55.5 µm per frame, in total 10 mm. Since the samples were always bladed with 15 mm s -1 blading speed, two consecutive frames had 3.7 ms drying time difference. For a complete drying experiment, there was 0.67 s drying time difference between the first and last frame, which is less than our time resolution. Nevertheless, this difference was corrected between optical and scattering measurements. Lastly, crystal size and lamellar packing were calculated as described elsewhere.
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It is important to note that for measurements including synchrotron studies, a second blading chamber was used which has exactly the same size, volume, blading mechanism and temperature and speed precision as the chamber described in the text. This chamber is slightly modified for synchrotron usage: 1) it includes X-ray windows, and 2) the blading mechanism is operated with pressurized air in order to avoid vibrations. For both polymer:fullerene systems, LS was measured separately as PL and LS 
Results and Discussion
Homogeneous Drying
P3HT:PCBM solutions (22.5 mg mL -1 ) were prepared with 1:1 w/w in ortho-dichlorobenzene (o-DCB) while DPP-TT-T:PCBM solutions (15 mg mL -1 ) were prepared with 1:2 weight ratio in o-xylene and mesitylene mixture (7:3 v/v). Solutions were injected with an automatized injection system on pre-cleaned silicon substrates and coated at 60°C under dry helium atmosphere. All measurements were initiated at the same time, immediately following the coating, with the first spectrum taken at the 0 th second of drying. Two sets of data were collected for each blend: 1) Synchrotron studies were conducted in combination with WLR and PL (Fig. S2) , and 2) LS measurements were done under identical drying conditions, in combination with WLR. To be able to compare LS data with the first set of data, thickness plots for each polymer:fullerene blend include both drying curves calculated from WLR measured for each data set. This ensures that although LS was measured separately, we were able to reproduce the drying very precisely, thus LS data could be included to the other measurements. In a typical drying curve of a P3HT:PCBM film, the film thickness is calculated from the interference fringes of the reflectance spectrum measured by WLR (Fig. 2a) . The principles of the thickness calculation are based on fringe counting method, as it is explained in detail elsewhere and in Supplementary Information Section 2. P3HT:PCBM film dried with a predominantly constant evaporation rate (evaporation-dominated drying) followed by a period of slow drying. The latter occurred in a relatively thin region of less than two microns, where the molecular arrangements during film formation caused major changes in the optical constants, thus loss of interferences. 21 The drying period below 2µm cannot be resolved quantitatively by our thickness calculation approach. Nevertheless, it is observed that this final phase of film formation had a slightly slower drying behavior, as the final WLR signal deviated from the extrapolation of the linear behavior. This slow drying region of P3HT:PCBM system was observed previously, and it was attributed to diffusion-dominated drying due to the residual solvents. 8 At the end of this slow drying phase, the final film thickness was determined as 234 nm.
The time evolution of the LS signal is plotted in Fig. 2b . The blue line indicates the onset of the LS signal, approximately at the 60 th second of drying. The inset in Fig. 2b shows that the onset is at 58 th second, which was challenging to observe due to signal fluctuations. This sudden increase in LS intensity was a sign of the first stages of film formation, either induced by the blend going through a spinodal demixing of components during drying (i.e., liquid-liquid phase separation) or by crystallization (i.e., solid-liquid phase separation), which are both wavelength-sensitive. 10,18,31 Our findings suggest that the origin of LS signal comes from a late-stage solid-liquid phase separation between fullerene-and polymer-rich phases as the pristine P3HT gives a similar signal, but with a significantly reduced intensity (Fig. S3a) . In order to rule out the surface roughness as the origin of LS signal for pristine P3HT, we have additionally conducted AFM measurements on the pristine P3HT layer ( Supplementary Information,  Section1) . Interestingly, GIXD data on P3HT:PCBM show that the formation of P3HT crystals started slightly earlier (approximately 50 th second of drying) than the onset of the LS signal (Fig. 2e) . This indicates that the nucleation and crystal formation of the polymer may be the driving force for solid-liquid phase separation, which is supported by the findings, reported earlier on the same system. 13, 16 Hence, the results indicate that the LS signal is a consequence of the coarsening of polymer-and fullerene-rich phases, i.e. causing surface modulation between the phases, especially with sizes in the order of the excitation wavelength.
The integrated PL behavior during drying is plotted in Fig. 2c for P3HT:PCBM. The initial increase was caused by a slightly large lock-in integration time constant (200 ms) which required approximately one second of data reading before delivering a stabilized output. PL signal started to decrease immediately after this initial period, with a linear decay until the layer was completely dried. There are several PL quenching mechanisms for fluorescent conjugated semiconductors: intrachain defects, impurities/dopants, photochemical oxidation, concentration quenching, aggregation quenching leading to interchain species (e.g., excimers, exciplexes, polaron pairs), as well as an efficient photo-induced charge transfer to a quencher. 32, 33 In theory and practice, it was shown that PL decay kinetics is a function of concentration. 33 At sufficiently diluted concentrations, the polymer chains do not 'see' each other and the PL signal stays constant during the drying (Fig. S4) . However, the concentrations that we present here are high enough to observe concentration quenching until the polymer concentration reaches the critical aggregation concentration (Fig. S5) . At a certain time point during drying, the relative increase of polymer concentration starts to promote polymer chain aggregation, thus aggregation-induced PL quenching fastens the PL decay over time alongside concentration quenching.
Comparing the kinetics of the pristine P3HT solution, Fig. 2c shows mainly a competition between a charge transfer to the quencher, PCBM, concentration quenching and aggregation quenching. Since there are no significant patterns in the PL signal at the onset of the LS signal, spectral PL was measured at the same drying conditions (Fig. 2f) . The emission spectra were cut off by a 630-nm long-pass filter; hence the data below 630 nm is not representative for P3HT emission. A spectral red shift and the evolution of a shoulder at approximately 750 nm temporally correlate to the onset of aggregation, as well as to the P3HT crystal formation, and thus were assigned to the formation of P3HT aggregates. These features indicate energy transfer being enhanced due to increased π-π interactions, forming nanoscale aggregates, which shifts the PL spectrum to longer wavelengths. 32 This also suggests that the PL behavior between 60 th and 80 th seconds of drying is dominated not only by the concentration quenching but also by aggregation quenching, which together with fullerene quenching cause a linear behavior in the integrated signal. P3HT crystal growth continued even after the reflection spectrum stopped changing and phase separation was completed ( Fig. 2d and 2e) . The formation and growth of crystals stabilized at approximately 100 th second with size and d 100 -spacing of 23 nm and 17.5 Å, respectively. This indicates that, P3HT experienced a prolonged self-organization after the period of slow drying (i.e., from the 80 th second on), possibly due to the increased molecular kinetics at 60°C. Fully dried films after 100 th second exhibited fairly high order with the edge-on (h00) series, at q z = 0.36 Å -1 , 0.7 Å -1 and 1.1 Å -1 for (100), (200) and (300) respectively (Fig. S6a) .
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Heterogeneous Drying
In order to test the setup as a powerful characterization tool for drying and morphology evolution, we measured DPP-TT-T:PCBM blend as a second prototype composite relevant to photovoltaics. DPP-TT-T is a push-pull type conjugated polymer, well known for its planarity and rigidity due to two thieno [3,2b] thiophene moieties that increase the conjugation length, promoting chain aggregation. 34, 35 DPP-TT-T has been studied extensively, especially in transistors, due to its good ambipolarity and hole mobility above 1 cm 2 V -1 s -1 . 36 Lately, the very same polymer showed power conversion efficiencies of 6.6% in spin coated organic photovoltaics via molecular weight tuning. 37 The normalized steady-state absorption spectra of pristine DPP-TT-T in solution and as a film showed no significant spectral shift except a broadening of the signal (Fig. S7a) . Steady-state PL measurements of pristine DPP-TT-T showed two peaks in the UV-Vis and NIR regions (Fig. S7b) . The NIR emission represents the singlet emission, while the UV-Vis emission represents an energetically higher lying excited state of DPP-TT-T. The high-energy emission at 680 nm increased with concentration up to 3.75 mg mL -1 , which was completely quenched at 5 mg mL Spectral PL results in (f) are plotted from 2.8th second (black box) on, and the PL spectrum loses intensity until 38th second (brown star) of drying. Since spectral PL measurements were conducted separately; a minute mismatch in timing might be present.
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Please do not adjust margins constant drying rate (Fig. 3a) . Although we expected to have residual amounts of mesitylene in the semi-dry films which could cause slower drying rate towards the end, it was not observed. Unlike P3HT:PCBM system, the final WLR signal for DPP-TT-T:PCBM followed the extrapolation of the linear behaviour. This could be due to the interaction between non-volatile components in the solution with mesitylene, allowing mesitylene to diffuse to film surface for further evaporation without any restriction. Therefore, it was observed that the thickness evolution continued linearly until the end of the drying, without any slow drying regime, and the final film thickness was measured as 389 nm. A large scale phase separation was observed again at the very late stage of drying (Fig. 3b) . The onset of crystal formation and ordering was observed ahead of the large-scale phase separation and film formation (Fig. 3d and 3e) , which was also observed for P3HT:PCBM. The origin of the LS signal, however, may differ for the DPP-TT-T:PCBM composites; as the pristine polymer dried very homogenously and barely showed any LS signal (Fig. S3b) , the LS signal in Fig. 3b might have originated primarily from fullerene-rich domains. Most interestingly, we did not observe a phase of well-expressed crystal growth at the late stages of drying, and the final crystal formation ended with the onset of the LS signal (Fig. 3e) . This result supports the fact that the o-xylene:mesitylene mixture allows only negligible ordering of crystals at the semi-dry state of these films.
The PL behavior of DPP-TT-T:PCBM was very different from the one observed for P3HT:PCBM during drying (Fig. 3c) . The very first sharp decrease of the PL signal was due to the coffee-ring effect (region 1, Fig. 3c ). Depending on the surface energy, solvent evaporation could be faster at the edges than in the middle of the coating due to the larger surface area per volume at the edge. The contact line at the liquid/substrate interface gets pinned and the surface tension introduces a capillary flow from center of the film towards the edges. This capillary flow is causing a solute transfer via advection and results in thinner films at the center than at the edges. 38 Unlike the P3HT:PCBM system, a coffee-ring effect was observed for DPP-TT-T:PCBM coatings (Fig. S8) . Such drying pattern has a fairly minor effect on reflection data and thickness calculations; however, PL is significantly more sensitive to the amount of luminescent material under the measurement spot. Since the laser light for PL measurements was focused on the center of the film to avoid possible drying effects, the initial early-phase decrease in the PL signal was attributed to the capillary flow transporting the polymer towards the edges, away from the measurement spot. A slightly increasing trend in the PL signal was observed (region 2, Fig. 3c) ; however, any spectral shifts during this drying phase were ruled out by the spectral PL measurements (Fig. 3f) . We do not want to overemphasize the slight trend of the signal intensity between the 10 th and 20 th second of drying, but rather discuss the impact of solubility on drying. Possible reasons for a PL enhancement at this point in drying are phase segregation between polymer and fullerene molecules (i.e., fewer excitons are dissociated into charge carriers), solvent mixture effects (i.e., one solvent evaporates faster than the other), and polymer agglomeration. To understand this period of PL signal during the initial drying phase, we measured the drying behavior of pristine DPP-TT-T in o-xylene only, at RT (Fig. S9) . Interestingly, pristine DPP-TT-T in o-xylene showed a similar pattern, indicating that the 2 nd period of drying is correlated to a specific DPP-TT-T behavior in o-xylene only. To further examine and understand this phenomenon, we investigated the solubility of DPP-TT-T. The very first signal of crystal formation was seen around the 20 th second, indicating that the supersaturation and nucleation processes occurred before the 20 th second, corresponding to the interval between 10 th and 20 th seconds (Fig. 3c, 3d and 3e ). This result was confirmed by measuring the solubility of DPP-TT-T in o-xylene:mesitylene mixture at 60°C, which was approximately 8 mg mL -1 (13 th second in Fig. 3c ). The data indicate that, within this time period (between 10 th and 20 th seconds of drying), the solution crosses solubility limit, reaches critical supersaturation and polymer chains start to form compact nucleates due to ongoing concentration enhancement caused by drying. As crystallization takes place at the 20 th second, PL experiences a sharp decrease due to aggregation quenching.
In order to confirm the effect of solubility on DPP-TT-T:PCBM PL signal, a series of in situ PL measurements of pristine DPP-TT-T were conducted at room temperature at concentrations of 3.75, 5, 7.5 and 15 mg mL -1 (Fig. 4) . These measurements were intentionally conducted at room temperature and without any PCBM in order to fully resolve DPP-TT-T behavior in the solution without additional quenching effects. The PL behavior at lower concentrations (3.75 and 5 mg mL -1 ) was similar to the blend solution, confirming the fact that the signal behavior during the 10-20 second interval (region 2, Fig. 3c ) is indeed not a temperature or PCBM effect, but a concentration effect. The solubility of DPP-TT-T at room temperature was determined as 6.5 mg mL -1 , which supports the idea that the slightly increasing behavior of PL signal starts right after the solubility limit is reached (Fig. 4) . As expected, the drying kinetics of the 7.5 mg mL -1 solution did not exhibit this 2 nd drying phase, as the concentration was above the solubility limit from the beginning. In fact, the drying kinetics of a 15 mg mL -1 solution also resembled the pattern seen with the 3.75, 5 and 7.5 mg mL -1 solutions after the concentration passed the critical solubility limit. Additionally, this behaviour was also observed for pristine DPP-TT-T in o-xylene, as mentioned above (Fig. S9) . The critical solubility limit of DPP-TT-T in o-xylene at RT was determined as 9.5 mg mL -1 , which corresponds to the starting point of this 2 nd drying phase approximately (Fig. S9) . Hence, it was observed that DPP-TT-T underwent gelation in o-xylene after the solubility limit. If the gel aggregates stay relatively apart and free of PCBM, the diffusion-limited ordering could become inhibited since a polymer strand has only restricted freedom to move within a gel aggregate. This could explain the fact that the crystal coherence length and alkyl-chain packing stay constant with 8.5 nm and 22.7 Å, respectively ( Fig. 3d and 3e ). After the gelation period, DPP-TT-T gel aggregates collapsed to precipitates (solid-state formation) causing the last PL signal drop (Region 3 in Fig. 3c ). Completely dried DPP-TT-T formed weak crystal signals with edge-on (h00) series, at q z positions of 0.23, 0.51 and 0.75 Å -1 , respectively. Due to the weak crystal signals, the background signal including X-ray window signals dominated most of the features, including the (010) peak (Fig. S6b) . Two drying mechanisms measured very precisely with our drying chamber are summarized in Fig. 5 . Due to gelation, DPP-TT-T:PCBM followed a very different path, compared to P3HT:PCBM. Gelation caused cross-linking of DPP-TT-T chains, hindering further ordering while precipitation and residual solvent in P3HT:PCBM film enforced further organization. Additionally, both systems experience solid-liquid phase separation. While fullerene aggregates were the main cause for DPP-TT-T:PCBM system, polymer-rich and fullerene-rich aggregates in P3HT:PCBM film contribute to the measured LS signal.
Conclusions
In summary, we presented a flexible and portable in situ drying chamber, which is a powerful tool to completely characterize film formation of any organic, inorganic or hybrid thin film coating, without any need for additional extraneous measurements. As the chamber allows very precise and reproducible drying series (Fig. S10) , the results presented on P3HT:PCBM and DPP-TT-T:PCBM blends represent the direct observation of the interplay between thermodynamics and kinetics, including phase separation, gelation and crystallization, and give deep insight into drying and microstructure formation mechanisms. In situ PL measurements, which have not been reported in previous drying studies, are proved to be especially powerful, as we were able to investigate the solution behavior in detail and correlate this behavior with drying effects. Using our novel in situ drying chamber, we will systematically investigate the drying mechanisms of multiple systems under several drying conditions to build a road map for solution formulation and morphology control in printed electronics, which can be directly adapted to large-scale processing.
